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(57) Abstract: An optica] switch for controUably switching an interface (12) between a reflective state in which incident light (1 4A) 
undergoes total internal reflection and a non-reflective state in which total internal reflection is prevented- In one such switch an 
elastomeric dielectric (10) has a stiffened surface portion (18). An applied voltage moves the stiffened surface portion into optical 
contact with the interface, producing the non-reflective state. In the absence of a voltage the separator moves the stiffened surface 
portion away from optica} contact with the interface, producing the reflective state. In another such switch a cell (40) contains a 
fluid (42). One side of the cell forms the light incident Interface (54). A membrane (44) is suspended in the fluid. Application 
of appropriate voltages can move the membrane either into optical contact with the interface, producing the non -reflective state, or 
away from optical contact with the interface, producing the reflective state. 
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OPTICAL SWITCHING BY CONTROLLABLE FRUSTRATION 
OF TOTAL INTERNAL REFLECTION 

Technical Field 

5 This application pertains to a method and apparatus for frustrating 

the phenomenon of total internal refection in a continuously variable, 
easily controllable manner. 

Background 

10 It is well known that light travels at different speeds in different 

materials. The change of speed results in refraction. The relative 
refractive index between two materials is given by the speed of an 
incident light ray divided by the speed of the refracted ray. If the 
relative refractive index is less than one, as in the case when light 

15 passes from glass block to air, then a light ray will be refracted towards 
the surface. Angles of incidence and reflection are normally measured 
from a direction normal to the interface. At a particular angle of 
incidence "i", the refraction angle "r" becomes 90° as the light runs 
along the block's surface. The critical angle "i" can be calculated, as 

20 sin i = relative refractive index. If "i" is made even larger, then all of 
the light is reflected back inside the glass block and none escapes from 
the block. This is called total internal reflection. Because refraction 
only occurs when light changes speed, it is perhaps not surprising that 
the incident radiation emerges slightly before being totally internally 

25 reflected, and hence a slight penetration (roughly one micron) of the 

interface, called "evanescent wave penetration" occurs. By interfering 
with (i.e. scattering and/or absorbing) the evanescent wave one may 
prevent (i.e. "frustrate") the total internal reflection phenomenon. 

In a number of applications, it is desirable to controllably frus- 

30 trate the phenomenon of total internal reflection. For example, if total 
internal reflection is occurring at an interface "I" as shown in Figure 
1A, the extent of such reflection can be reduced by placing a dielectric 
material "D" close to interface I, such that dielectric D interacts with 
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the evanescent wave penetrating beyond interface I, as shown in Figures 
IB, 1C, and ID, in which the extent of frustration of total internal 
reflection is gradually increased, culminating in complete frustration 
(Figure ID). 

5 It is desirable that dielectric D be an elastomer ic material. 

Inevitably, at least some foreign particles "P" (Figure 2A) are trapped 
between dielectric D and interface I; and/or, the opposing surfaces of 
dielectric D and interface I have at least some dimensional imperfections 
U X" (Figure 2B) which prevent attainment of a high degree of surface 

10 flatness over substantial opposing areas of both surfaces. Such foreign 
particles, or such surface imperfections, or both, can prevent attainment 
of "optical contact" between dielectric D and interface I. Optical 
contact brings dielectric D substantially closer than one micron to 
interface I, thereby scattering and/or absorbing the evanescent wave 

15 adjacent interface I, thus preventing the capability of interface I to 

totally internally reflect incident light rays. If dielectric D is formed of 
an elastomeric material, the aforementioned adverse effects of such 
foreign particles and/or surface imperfections are localized, thereby 
substantially eliminating their impact on attainment of the desired optical 

20 contact. More particularly, as seen in Figures 2C and 2D, the 

elastomeric nature of dielectric D allows dielectric D to closely conform 
itself around foreign particle P and around surface imperfection X, such 
that optical contact is attained between dielectric D and interface I 
except at points very close to foreign particle P and around surface 

25 imperfection X. Since such points typically comprise only a very small 
fraction of the opposing surface areas of dielectric D and interface I, 
sufficiently substantial optical contact is attained to facilitate frustration 
of total internal reflection as described above. 

Elastomeric materials vary considerably in surface tack, but 

30 virtually all are too tacky to be practical for this application without 
modification. This is because most elastomeric materials are suffi- 
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ciently soft and have enough surface energy that the material can deform 
into intimate "atomic contact" with the atomic scale structure present at 
any surface. The resulting Van der Waals bonding is sufficient to make 
it difficult to remove the material from the surface. 

5 It is desirable to provide a means for controlling frustration of 

total internal reflection by varying an interfacial pressure applied 
between dielectric D and interface I; and, in general, it is desirable to 
minimize the applied pressure. The aforementioned Van der Waals 
bonding can require negative pressures of order i0 4 Pascals for release, 

10 which is desirably reduced. Further, it is desirable to separate dielectric 
D and interface I by an amount exceeding the evanescent wave zone 
when the applied pressure is removed. The present invention addresses 
these desires. 

15 Summary of Invention 

The invention provides an optical switch for controllably switch- 
ing an interface between a reflective state in which light incident upon 
the interface undergoes total internal reflection and a non-reflective state 
in which total internal reflection is prevented at the interface. In one 

20 embodiment, the switch incorporates a preferably elastomeric dielectric 
having a stiffened surface portion. A separator is positioned between 
the interface and the stiffened surface portion to maintain a gap there- 
between. Electrodes are applied to the interface and stiffened surface 
portion respectively. A voltage source controllably applies a variable 

25 voltage potential between the electrodes. Application of a voltage 

potential between the electrodes moves the stiffened surface portion into 
optical contact with the interface, producing the non-reflective state at 
the interface. In the absence of a voltage potential between the elec- 
trodes the separator moves the stiffened surface portion away from 

30 optical contact with the interface, producing the reflective state at the 
interface. 
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The separator may be a plurality of stand-offs provided at spaced 
intervals between the interface and the stiffened surface portion to 
maintain the gap at about 1 micron in the absence of a voltage potential 
between the electrodes. Advantageously, the stand-offs are an integral 
5 part of the interface. 

The dielectric's surface may be stiffened by applying to it a thin 
film material having a Young's Modulus value substantially less than the 
dielectric's Young's Modulus value. Alternatively, and to better enable 
the dielectric's surface to flex in the vicinity of the stand-offs, the 

10 dielectric's surface may be stiffened by applying a thin layer of hard 
particles thereto. 

In another embodiment, the optical switch incorporates a cell 
containing a fluid. One side of the cell forms the interface upon which 
light is incident. A membrane is suspended in the fluid. One pair of 

15 electrodes is applied to opposite sides of the membrane; and, another 
electrode pair is applied to the side of the cell forming the interface and 
to the cell's opposite side. A variable voltage potential is applied 
between selected ones of the electrodes. Application of the voltage 
potential between selected ones of the membrane and cell electrodes 

20 moves the membrane into optical contact with the interface, producing 
the non-reflective state at the interface. Application of the voltage 
potential between other selected ones of the membrane and cell elec- 
trodes moves the membrane away from optical contact with the inter- 
face, producing the reflective state at the interface. 

25 

Brief Description of Drawings 

Figures 1 A, IB, 1C and ID show various stages in frustration of 
the total internal reflection phenomenon at interface "I" as dielectric 
"D" is gradually moved toward interface I. 
30 Figures 2A and 2B respectively depict a foreign particle "P" and 

a surface imperfection "X" preventing attainment of optical contact 
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between interface I and dielectric D. Figures 2C and 2D respectively 
depict attainment of substantial optical contact between interface I and 
dielectric D notwithstanding foreign particle P or surface imperfection 
X if dielectric D is an elastomeric material. 

5 Figures 3A and 3B depict a stiff-surfaced non-adhesive 

elastomeric dielectric positioned adjacent an interface in accordance 
with one optical switch embodiment of the invention. Figure 3 A depicts 
the "off state in which stand-offs maintain a gap between the interface 
and dielectric in the absence of an applied pressure, allowing total 

10 internal reflection to occur. Figure 3B depicts the "on" state in which 
electrodes applied to the interface and dielectric are actuated to apply a 
controllably variable pressure, closing the gap sufficiently to frustrate 
total internal reflection. 

Figure 3C is similar to Figures 3A and 3B, but depicts an alter- 

15 nate technique for stiffening the surface of the elastomeric dielectric by 
applying a layer of hard, sub optical size particles thereto. This tech- 
nique resists undesirable adhesion between the dielectric and interface 
without impairing the dielectric's ability to flex in regions proximate to 
the stand-offs. The left hand portion of Figure 3C depicts the "off 

20 state in which stand the offs maintain a gap between the interface and 
dielectric in the absence of an applied pressure, allowing total internal 
reflection to occur. The right hand portion of Figure 3C depicts the 
"on" state in which an applied pressure has closed the gap sufficiently 
to frustrate total internal reflection. 

25 Figure 4 is a graph on which percentage surface reflectivity is 

plotted as a function of pressure applied between the dielectric and 
interface of depicted in Figures 3A and 3B. 

Figures 5A and 5B depict an alternate optical switch embodiment 
of the invention, with Figure 5A depicting the "off state in which total 

30 internal reflection occurs, and Figure 5B depicting the "on" state in 
which total internal reflection is frustrated. 
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Description 

Figure 3 A depicts an elastomeric dielectric 10 positioned adjacent 
interface 12. As depicted, interface 12 is one face of a prism 13. Prism 
13 may be but one of a very large number of 90° prisms in a sheet of 
5 prismatic film such as 2370 3M optical lighting film. Alternatively, 
prism 13 may be a 55° prism formed of a high refractive index mate- 
rial. However, prisms are not essential to the invention; interface 12 
could alternatively be one face of a slab waveguide or other structure 
capable of totally internally reflecting light rays at interface 12. Light 

10 rays incident (14A) upon interface 12 are totally internally reflected 

(14B) because air gap 16 between the opposing surfaces of dielectric 10 
and interface 12 is large enough to prevent optical contact between the 
opposing surfaces (i.e. gap 16 is substantially greater than one micron). 
As hereinafter explained, dielectric 10 is fabricated such that the 

15 Young's Modulus E of dielectric 10 varies as a function of distance 
from the surface of dielectric 10 adjacent interface 12, such that a 
portion 18 of dielectric 10 near the surface is substantially stiffer than in 
the remaining portions of dielectric 10. 

The stiffened surface portion 18 of dielectric 10 prevents attain- 

20 ment of the aforementioned Van der Waals bonding between dielectric 
10 and interface 12, since such bonding occurs only if dielectric 10 is 
sufficiently deformable. Roughly speaking, the Young's Modulus of a 
material (a measure of the material's stiffness) must be less than the Van 
der Waals bond energy per unit area divided by a characteristic dimen- 

25 sion associated with the material's surface roughness, in order for 

substantial atomic contact to occur. If dielectric 10 and interface 12 are 
sufficiently smooth to exhibit total internal reflection (i.e. if the surface 
roughness dimensions characterizing dielectric 10 and interface 12 are 
substantially less than one micron) and if dielectric 10 and interface 12 

30 exhibit typical surface energies, then undesirable adhesion occurs 
between dielectric 10 and interface 12 if the Young's Modulus of 



WO 01/37627 



PCT/CA00/01379 



-7- 

dielectric 10 is less than about 10 6 Pascals, which is the case for 
elastomeric materials. Hence, by increasing the Young's Modulus of 
elastomeric dielectric 10 at the surface of dielectric 10 one may stiffen 
that surface sufficiently to prevent undesirable adhesion between dielec- 

5 trie 10 and interface 12. 

The aforementioned surface stiffening should be such that the 
surface of dielectric 10 can assist in achieving a predictable, reproduc- 
ible degree of frustration of total internal reflection which varies as a 
function of the pressure applied between dielectric 10 and interface 12. 

10 Preferably, under low positive interfacial pressure, the degree of frus- 
tration of total internal reflection is low, and air gap 16 retains a well 
defined average width of slightly over one micron. This is important, 
particularly if the interfacial pressure is to be created by electrostatic 
attraction, as such narrow width air gaps can support large electric 

15 fields due to the "Paschen effect*', and these large fields can be pro- 
duced with comparatively low voltages, due to the small gap width. 

One method of stiffening the surface of elastomeric dielectric 10 
is to prepare a uniform, smooth-surfaced elastomeric material, and then 
treat that material in a manner which stiffens a thin surface portion of 

20 the material. For example, an elastomeric material can be initially 

hardened ("stabilized") by exposure to ultraviolet light, or by applica- 
tion of chemical cross linking agents. A thin film formed of a materia! 
having a Young's Modulus much higher than that of the elastomeric 
material can then be deposited on the elastomeric material's stabilized 

25 surface. As one example, an indium tin o*ide film can be deposited on 
a stabilized elastomeric dielectric surface. The deposited film not only 
stiffens thin surface portion 18 of elastomeric dielectric 10 as aforesaid, 
but also functions as a transparent surface electrode 20 for applying a 
variable electrostatic pressure between dielectric 10 and interface 12 as 

30 hereinafter explained. An opposing electrode 22 can be applied to 

interface 12 in well known fashion. An insulating film 24 such as zinc 
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oxide or vacuum deposited parylene can also be applied to the stabilized 
surface of dielectric 10 to act as an insulator between the aforemen- 
tioned electrodes and/or to stiffen dielectric 10 to prevent Van der 
Waals bonding and thus prevent undesirable adhesion between dielectric 

5 10 and interface 12. 

As seen in Figures 3 A and 3B, a separator such as a plurality of 
rigid stand-offs 26 are provided at spaced intervals between dielectric 10 
and interface 12; and, more particularly, between electrodes 20, 22. 
Stand-offs 26 are each about 1 micron high and serve to maintain gap 16 

10 between dielectric 10 and interface 12 at about 1 micron if voltage 

source "V" is not actuated to apply a voltage between electrodes 20, 22 
which is sufficient to cause the attractive electrostatic pressure between 
electrodes 20, 22 to move electrode 20 and dielectric 10 into gap 16 and 
into optical contact with interface 12 as seen in Figure 3B. Thus, stand- 

15 offs 26 serve to maintain gap 16 between dielectric 10 and interface 12 
in the absence of an applied pressure, allowing total internal reflection 
to occur as illustrated by reflected ray 14B in Figure 3A. However, 
when a voltage is applied as aforesaid to move electrode 20 and the 
stiffened bulk surface portion 18 of dielectric 10 into gap 16, total 

20 internal reflection is frustrated as illustrated by non-reflected ray 28 in 
Figure 3B. The invention thus provides an optical switch, with Figures 
3A and 3B respectively depicting the "off and "on" states. 

The embodiment of the invention described above with reference 
to Figures 3A and 3B may "over stiffen" surface portion 18 of dielectric 

25 10, leaving dielectric 10 with insufficient surface flexibility for adequate 
deformation of dielectric 10 in regions proximate to stand-offs 26. 
Consequently, when a voltage is applied as aforesaid to move dielectric 
10 into gap 16, dielectric 10 may not extend sufficiently into gap 16 to 
frustrate total internal reflection in regions proximate to stand-offs 26, 

30 causing visually perceptible light or dark spots to appear in the vicinity 
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of stand-offs 26. An alternate stiffening method can be used to over- 
come this potential deficiency. 

Specifically, as shown in Figure 3C, a layer of hard, sub-optical 
size (i.e. less than 1 micron in diameter) particles 30 can be applied to 

5 the surface of dielectric 10 to produce stiffened surface portion 18. 
Particles 30 can be made from any one of a number of substances, 
including ceramics or hard polymers, provided particles 30 are suffi- 
ciently small that the bulk of the particulate layer is able to flex suffi- 
ciently to extend inside the evanescent wave zone in regions proximate 

10 to stand-offs 26 when pressure is applied to move dielectric 10 into gap 
16 as aforesaid. The Figure 3C embodiment thus provides another 
optical switch, with the left and right hand portions of Figure 3C respec- 
tively depicting the "off 1 and "on" states. 

The height of stand-offs 26 and/or the spacing between adjacent 

15 pairs of stand-offs 26 can be altered during fabrication of optical 

switches embodying the invention to vary the force which stand-offs 26 
exert in the absence of an applied pressure. Preferably, only the spac- 
ing between adjacent pairs of stand-offs 26 is altered, since this does not 
affect the attractive electrostatic pressure exerted between electrodes 20, 

20 22 by actuation of voltage source "V". Stand-offs 26 can be directly 

fabricated on the surface of interface 12, for example by photo-develop- 
ing a film applied to the surface of interface 12, with the film's thick- 
ness determining the height of stand-offs 26. 

A desirable property of the optical switches depicted in Figures 

25 3A, 3B and 3C is that a gradual increase in the attractive electrostatic 
pressure exerted between electrodes 20, 22 by actuation of voltage 
source "V" produces a corresponding gradual increase in the extent of 
frustration of total internal reflection at interface 12. More particularly, 
by suitably varying the voltage applied between electrodes 20, 22 one 

30 may vary the displacement between stiffened surface 18 on dielectric 10 
and interface 12 within a continuously variable range of optical contact 
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values, thereby attaining any desired degree of frustration of the capa- 
bility of interface 12 to totally internally reflect incident light rays. 
Figure 4 graphically illustrates the resultant range of percentage reflec- 
tivity as a function of the attractive electrostatic pressure exerted be- 

5 tween electrodes 20, 22. In Figure 4, "PI " denotes the minimum 
pressure at which substantially all incident light is totally internally 
reflected, and "P2" denotes the maximum pressure at which total 
internal reflection is substantially frustrated (i.e. substantially no inci- 
dent light is totally internally reflected). 

10 In the embodiments of 3A, 3B and 3C, the Young's Modulus is 

increased in the surface portion 18 of dielectric 10. More particularly, 
in surface portion 18 E > a/d s where E is the Young's Modulus within 
surface portion 18, a is the bond energy per unit area due to the Van der 
Waals force between interface 12 and dielectric 10, and d is a dimension 

15 characteristic of surface roughness of interface 12. A comparable result 
can be obtained by reducing # , as will now be explained in relation to 
Figures 5 A and 5B. 

Figure 5A depicts a cell 40 filled with fluid 42 having a low (less 
than about 1 .3) index of refraction, such as 3M Flourinert™. A planar 

20 elastomeric membrane 44 bearing a first pair of opposed upper and 
lower (as viewed in Figures 5A and 5B) surface electrodes 46, 48 is 
suspended within fluid 42. A second pair of insulated electrodes 50, 52 
are provided on the opposed internal upper and lower surfaces of cell 
40. The thickness "T" of membrane 44 and its electrodes 46, 48 is a 

25 few microns less than the width "W" of cell 40 (i.e. the perpendicular 
displacement between insulated electrodes 50^52) so that reasonable 
electrostatic pressures can be produced between adjacent electrodes to 
move membrane 44, as hereinafter explained. Both the length and the 
depth of membrane 44 and its electrodes 46, 48 are greater than the 

30 width "W" of cell 40, so that membrane 44 remains oriented as shown, 
with electrodes 46, 43 generally parallel to insulated electrodes 50, 52. 
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Total internal reflection at interface 54 is controlled by means of 
voltage source "V", Specifically, if voltage source "V" is actuated to 
apply an attractive electric field between electrodes 46, 50 while elec- 
trodes 48, 52 are maintained at equal potential, then membrane 44 is 

5 repelled away from and does not contact interface 54 as seen in Figure 
5A, thus allowing total internal reflection to occur at interface 54 as 
illustrated by reflected ray 56. If voltage source "V" is actuated to 
apply an attractive electric field between electrodes 48, 52 while elec- 
trodes 46, 50 are maintained at equal potential, then membrane 44 

10 moves upwardly (as viewed in Figure 5B) through fluid 42 into optical 
contact with interface 54, thus frustrating total internal reflection at 
interface 54 as illustrated by non-reflected ray 58 in Figure 5B. Cell 40 
thus constitutes an optical switch, with Figures 5A and 5B respectively 
depicting the "off and "on" states. Fluid 42 reduces the relative 

15 surface energy a, facilitating optical contact at interface 54 without 

adhesion. Use of a low refractive index fluid 42 in combination with a 
high refractive index optical medium 60 (e.g. a high index polymer or 
other transparent material having an index of refraction greater than 
about 1.65) reduces the critical angle "i" at which total internal reflec- 

20 tion occurs, thus increasing the range of angles at which incident light 
can be totally internally reflected. This is an important factor, since it 
directiy affects the acceptable range of viewing angles of a display 
incorporating a plurality of optical switches (i.e. cells 40), 

As will be apparent to those skilled in the art in the light of the 

25 foregoing disclosure, many alterations and modifications are possible in 
the practice of this invention without departing from the spirit or scope 
thereof. For example, although dielectric 10 is preferably a silicone 
elastomer, it need not necessarily be an "elastomer"; it is sufficient for 
the bulk dielectric material to be a reasonably flexible substance, such 

30 as Teflon™. Further, persons skilled in the art will appreciate that the 
"on" and "off 1 optical switch states are arbitrary. Thus, the state 



WO 01/37627 



4. ' 

PCT/CA00/01379 



- 12 - 

depicted in any of Figures 3A, the left side of Figure 3C, or 5A could 
be designated as the "on" state, with the opposite state depicted in 
Figures 3B, the right side of Figure 3C, or 5B respectively being 
designated as the "off" state. Similarly, different combinations of 
5 attractive or repulsive electric fields can be applied between one or the 
other of electrodes 46, 48 and one or the other of electrodes 50, 52 to 
move membrane 44 into or out of optical contact with interface 54. 
Accordingly, the scope of the invention is to be construed in accordance 
with the substance defined by the following claims. 
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WHAT IS CLAIMED IS: 

1. Apparatus for controllably switching an interface (12) between a 
reflective state in which light (14A) incident upon said interface 
undergoes total internal reflection and a non-reflective state in 

5 which total internal reflection is prevented at said interface, 

characterized by: 

(a) a dielectric (10) having a stiffened surface portion (18); 

(b) a separator (26) positioned between said interface and said 
stiffened surface portion to maintain a gap (16) there-be- 

10 tween; 

(c) a first electrode (22) on said interface; 

(d) a second electrode (20) on said stiffened surface portion; 
and, 

(e) a voltage source (V) for controllably applying a variable 
15 voltage potential between said electrodes; 

wherein: 

(i) application of said voltage potential between said 
electrodes moves said stiffened surface portion into 
optical contact with said interface, producing said 

20 non-reflective state at said interface; 

(ii) in the absence of said voltage potential between said 
electrodes said separator moves said stiffened surface 
portion away from optical contact with said interface, 
producing said reflective state at said interface. 

25 

2. Apparatus as defined in claim 1 , wherein E > a/d, where E is 
said stiffened portion's Young's Modulus, a is the bond energy 
per unit area due to Van der Waals bonding between said inter- 
face and said member, and d is a dimension characteristic of 

30 roughness of said interface. 
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3. Apparatus as defined in claim 2, wherein said stiffened portion's 
Young's Modulus is greater than about 10 6 Pascals. 

4. Apparatus as defined in claim 1 , wherein said dielectric is an 
5 elastomer. 

5. Apparatus as defined in claim 1, wherein said dielectric is a 
silicone elastomer. 

10 6. Apparatus as defined in claim 4, wherein said separator further 
comprises a plurality of stand-offs provided at spaced intervals 
between said interface and said stiffened surface portion. 

7. Apparatus as defined in claim 6, wherein said gap is about 1 
15 micron. 

8. Apparatus as defined in claim 6, wherein said stand-offs each 
have a height of about 1 micron. 

20 9. Apparatus as defined in claim 6, wherein said stand-offs are an 
integral part of said interface. 

10. Apparatus as defined in claim 4, wherein said stiffened surface 
portion further comprises a thin film material having a first 
25 Young's Modulus value, said elastomer having a second Young's 

Modulus value substantially less than said first Young's Modulus 
value. 



11. 

30 



Apparatus as defined in claim 10, wherein said thin film material 
is indium tin oxide. 
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12. Apparatus as defined in claim 10, wherein said thin film material 
further comprises said second electrode. 

13. Apparatus as defined in claim 4, further comprising an insulator 
5 (24) positioned between said electrodes. 

14. Apparatus as defined in claim 13, wherein said insulator further 
comprises a thin film material. 

10 15. Apparatus as defined in claim 14, wherein said insulator further 
comprises said stiffened surface portion. 

16. Apparatus as defined in claim 6, wherein said stiffened surface 
portion further comprises a thin layer of hard particles (30). 

15 

17. Apparatus as defined in claim 16, wherein said particles have an 
average diameter less than I micron. 

18. Apparatus as defined in claim 1 , wherein said voltage source is 
20 controllable to move said stiffened surface portion into optical 

contact with said interface within a continuously variable range of 
optical contact values. 

19. A method of controllably switching an interface between a reflec- 
25 tive state in which light incident upon said interface undergoes 

total internal reflection and a non-reflective state in which total 
internal reflection is prevented at said interface, said method 
characterized by: 

(a) producing said non-reflective state at said interface by 
30 controllably applying a variable voltage potential between 

said interface and an adjacent stiffened surface portion of a 
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dielectric to move said stiffened surface portion into optical 
contact with said interface; and, 
(b) producing said reflective state at said interface by removing 
said voltage potential to move said stiffened surface portion 
5 away from optical contact with said interface. 



20. A method as defined in claim 19, wherein said dielectric is an 
elastomer. 



10 21 . A method as defined in claim 20, wherein said dielectric is a 
silicone elastomer. 



22. A method as defined in claim 20, further characterized by form- 
ing a first electrode on said interface and forming a second elec- 

15 trode on said stiffened surface portion for application of said 

voltage potential between said electrodes. 

23. A method as defined in claim 22, further characterized by main- 
taining a gap between said interface and said stiffened surface 

20 portion in the absence of said applied voltage potential. 

24. A method as defined in claim 23, wherein said gap is about 1 
micron. 



25 25. A method as defined in claim 23, further characterized by main- 
taining said gap by positioning a separator between said interface 
and said stiffened surface portion. 



26. 

30 



A method as defined in claim 23, further characterized by main- 
taining said gap by positioning a plurality of stand-offs between 
said interface and said stiffened surface portion. 
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27. A method as defined in claim 26, wherein said stand-offs each 
have a height of about 1 micron. 

28. A method as defined in claim 26, further characterized by form- 
5 ing said stand-offs integrally with said interface. 

29. A method as defined in claim 20, further characterized by form- 
ing said stiffened surface portion from a thin film material having 
a first Young's Modulus value, said elastomer having a second 

10 Young's Modulus value substantially less than said first Young's 

Modulus value. 

30. A method as defined in claim 29, wherein said thin film material 
is indium tin oxide. 

15 

31. A method as defined in claim 20, further characterized by form- 
ing said stiffened surface portion integrally with said first elec- 
trode from a thin film material having a first Young's Modulus 
value, said elastomer having a second Young's Modulus value 

20 substantially less than said first Young's Modulus value. 

32. A method as defined in claim 31, wherein said thin film materia! 
is indium tin oxide. 

25 33. A method as defined in claim 22, further characterized by form- 
ing an insulator between said electrodes. 



34. 



A method as defined in claim 33, further characterized by form- 
ing said insulator from a thin film material. 
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35. A method as defined in claim 33, further characterized by form- 
ing said stiffened surface portion integrally with said insulator. 

36. A method as defined in claim 26, further characterized by depos- 
5 iting a thin layer of hard particles on said dielectric to form said 

stiffened surface portion. 

37. A method as defined in claim 36, wherein said particles have an 
average diameter less than 1 micron. 

10 

38. A method as defined in claim 19, further characterized by varying 
said voltage potential to move said stiffened surface portion into 
optical contact with said interface within a continuously variable 
range of optical contact values. 

15 

39. Apparatus for controllably switching an interface (54) between a 
reflective state in which light incident upon said interface 
undergoes total internal reflection and a non-reflective state in 
which total internal reflection is prevented at said interface, said 

20 apparatus comprising: 

(a) a cell (40) containing a fluid (42), one side of said cell 
comprising said interface; 

(b) a membrane (44) suspended in said fluid; 

(c) a first electrode (46) on a first side of said membrane; 

25 (d) a second electrode (48) on a second side of said membrane 

opposite said first side of said membrane; 

(e) a third electrode (50) on said one side of said cell; 

(f) a fourth electrode (52) on a second side of said cell oppo- 
site said one side; and, 

30 (g) a voltage source (V) for controllably applying a variable 

voltage potential between selected ones of said electrodes; 
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wherein: 

(i) application of a selected voltage between one of said 
first and second electrodes and one of said third and 
fourth electrodes moves said membrane into optical 

5 contact with said interface, producing said non-re- 

flective state at said interface; 

(ii) application of another selected voltage between one 
of said first and second electrodes and one of said 
third and fourth electrodes moves said membrane 

10 away from optical contact with said interface, pro- 

ducing said reflective state at said interface. 

40. Apparatus as defined in claim 39, wherein said fluid has a low 
index of refraction. 



15 



41. Apparatus as defined in claim 40, wherein said low index of 
refraction is less than about 1.3. 



42. Apparatus as defined in claim 40, wherein said fluid is Flouri- 
20 nert™. 

43. Apparatus as defined in ciaim 39, wherein said interface further 
comprises a surface of an optical medium (60) having a high 
index of refraction. 

25 

44. Apparatus as defined in claim 43, wherein said high index of 
refraction is greater than about 1.65. 



45. 

30 



Apparatus as defined in claim 43, wherein said optical medium is 
a high index polymer. 



WO 01/37627 



PCT/CAOO/01379 



-20- 

46. Apparatus as defined in claim 39, wherein said fluid is Flouri- 
nert™ and said optical medium is a high index polymer. 



47. Apparatus as defined in claim 39, wherein said membrane and 
5 said first and second electrodes together have a thickness dimen- 

sion, said cell has a width dimension between said third and 
fourth electrodes, and said thickness dimension is several microns 
less than said width dimension. 



10 48. 



Apparatus as defined in claim 39, wherein said electrodes are 
insulated. 
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FIG. 5B 



